Supporting Information
Then, the resulting hygroscopic Y(NO 3 ) 3 ×H 2 O is dissolved under exclusion of moisture in anhydrous 1-hexanol and used for synthesis.
Powders and dispersions

Work-up procedure I (suitable for small batch sizes)
The nanoparticles (e.g., BN2#, BN6# and BN10#) can be isolated from the organic reaction solution by precipitation with n-pentane, followed by centrifugation (4000 rpm), washing with small amounts of diethyl ether (50 mL) and drying in air. To this end, 200 mL of precipitation agent are needed. The obtained material (~0.6 g) can be dispersed in polar solvents (e.g., water
and ethanol) with solid contents of at least 20% by weight.
Work-up procedure II (suitable for large batch sizes)
1.5 L of n-pentane is placed in a 2 L separating funnel with PTFE stopcock plug. Then, 50 mL of a 600 mL reaction solution (e.g., BN3) are added and stirred slowly with a glass rod. After 5 min, the formed precipitate is collected by releasing the lower phase. The remaining supernatant is filled to a total volume of 1.5 L with n-pentane so that further 50 mL of the reaction solution can be precipitated. By employing this procedure, 300 mL of the reaction solution can be precipitated. Around 5 liters of the precipitation agent is required for the entire solution. The low boiling point alkane is recovered by distillation. After 1 hour, the combined precipitates are decanted to remove the supernatant. Then, 0.8 L of diethyl ether are added to the solution and transferred into a separating funnel. After repeated shaking and venting, the collected precipitate is isolated by centrifugation (at 4000 rpm). Finally, the powder is dried in air under ambient conditions. The obtained white material (approx. 25 g) can be dispersed in water, yielding a transparent sol with a solid content of up to to 825 g/L.
Work-up procedure III (solvent exchange)
600 mL of the reaction solution (BN3) consisting of approx. 25 g of ZrO 2 , 100 mL of ethanol, 250 mL of 1-hexanol and 250 mL of benzyl alcohol are transferred to a 2 L separating funnel.
After adding 100 mL of deionized water, the mixture is shaken so that the nanoparticles pass into the aqueous phase. After phase separation (approx. 30 min), 71 mL of an aqueous dispersion are obtained and then washed 5 times using 80 mL of diethyl ether. The resulting transparent dispersion (57.5 mL) is subjected to distillation (at 50 °C) to remove minor amounts of diethyl ether and ethanol. Depending on the distillation period, a volume of 47.5 mL can be obtained, which contains 22.6 g of nanoparticles (i.e., approx. 33.7 wt% ZrO 2 in H 2 O). Higher solid contents can be achieved through subsequent water evaporation.
Work-up procedure IV (lyophilisation)
600 mL of the reaction solution (BN3) consisting of approx. 25 g of ZrO 2 are transferred to a 2 L separating funnel. 250 mL of deionized water are added, followed by shaking and frequent venting. After phase separation, the aqueous phase is cooled to −20 °C. 25 g of fine powder material are isolated by sublimation of ice and frozen solvent. The home-built freeze drying system used for this purpose is shown below. Lastly, the powder can be dispersed in water and other polar solvents with solid contents of 45% by weight.
Home-built freeze drying apparatus used for lyophilisation.
Nanofibers
PEO as carrier polymer
For the synthesis of nanofibers, a suspension of as-prepared nanoparticles (BN2#) in methanol was mixed with a solution of poly(ethylene oxide) (PEO) in water. The solution contained 2.8 wt% of PEO, 2.2 wt% of ZrO 2 , 39 wt% of water, and 56 wt% of methanol. The solution was stirred until it was homogeneous and then loaded into a plastic syringe equipped with a steel needle. The syringe was placed inside a syringe pump and the needle was connected to a high voltage power supply. The counter electrode (aluminium foil) was connected to a high voltage power supply of opposite polarity. The power supplies were used to create an electric field of about 1 kV/cm. The distance between the electrodes was about 10 cm. This set-up was placed inside a chamber flushed with compressed air to reduce the humidity. The as-spun fibers were heated at 550 °C (5 °C/min) for 3 hours.
PAN as carrier polymer
In a typical experiment, 160 mg of polyacrylonitrile (PAN) was dissolved in 840 mg of DMF and subsequently 1000 mg of an 5 wt% dispersion of ZrO 2 (BN2#) in methanol and water (80/20)
was added dropwise. The resulting solution was homogenized for several minutes using a shaker.
Electrospinning was carried out using a home-built set-up consisting of a humidity controlled chamber including high voltage supply (scientific instruments, TSI-HV), syringe pump (Harvard Apparatus, 11 Plus MAI 70-2208), syringe, 4.73 mm diameter needle, and 10 cm diameter circular counter electrode covered with aluminium foil. The applied voltage was set to 7 kV at a tip-to-collector distance of 10 cm. The pumping rate of the spinning solution was 0.3 mL/h. The relative humidity in the chamber was approx. 35%. The as-spun PAN/ZrO 2 fibers were heated with a rate of 5 °C/min to 900 °C and aged for 2 hours at this temperature to achieve complete combustion of the PAN. We note that a ratio of approx. ⅔ ZrCl 2 (OPr) 2 to ⅓ ZrCl 3 (OPr) 1 was found by comparing the proton NMR integrals (see Fig. S6 ). This is likely due to weighing errors of the acetyl chloride. (2) Calc. density (g/cm³) 6.188 6.127
NMR data of dipropoxyzirconium dichloride obtained by metathesis reaction of zirconium(IV) chloride and zirconium(IV) propoxide
Tab. S9 Results from GC-MS analysis (BN2#
Average grain size (nm) 2.5 2.4
Average maximum microstrain (×10 before and after heating to 700 °C. 
